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INTRODDCTION 

The  thesis  presented  herein  can  be  said  to  be  only  the  begins 
ning  of  research  work  on  this  particular  subject  because  the  field  cover- 
ed is  practically  without  limit,  but  the  method  formulated  and  adopted  by 
the  writers  is  applicable  to  ax|r  of  the  maiy  forms  of  tile  and  other  fire- 
proofing  materials  used  in  building  c(xistruction  at  the  present  time.   The 
problem  presented  for  solution  was  mainly  the  design  of  apparatus  which 
would  satisfactorily  and  accurately  measure  the  heat  trana&itted  through 
fireproofing  materials,  followed  by  the  application  of  the  apparatus  to 
as  many  forms  of  tile  as  our  limited  time  would  permit. 

As  no  apparatus,  known  to  the  writers,  had  previously  been  d^ 
signed  for  this  particular  purpose,  the  attack  on  the   problem  was  purely 
experimental,   and  the  design,  as  first  adopted,  demonstrated  conclusively 
where  the  improvements  were  necessary.       Accordingly,  the  apparatus  was 
rebuilt,  end  in  the  succeeding  tests  gave  satisfactory  results. 

The  application  of  the  apparatus  has  been  made  on  only  four 
samples,  but  the  samples  were  chosen  with  the   idea  of  compiling  data  on 
a  few  varied  forms,   and  although  no  definite  conclusions  can  be  drawn 
from  the  infonoation  obtained,  yet  enough  can  be  gleaned  to  give  a  few 
concrete  ideas  as  to  their  relative  value. 

The  writers  wish  to  extend  their  thanks  to  Mr.   Johnson,  Vice- 
President  of  the  National  Fireproofing  Company,   fbr  the  samples  that 
were  tested,  and  to  the  Engineers  of  the  Dnderwriters'   Laboratories,  who 
extended  valuable  assistance     at  various  times. 
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CHAPTER     II 
DESCRIPTIOH  OP  APPARATUS  DSiD  IM  THE  THESIS 

A,  Furnace  and  Purnece  Panels 

B,  Pyrometera  and  Thermometers 

C,  Calorimeter,   etc. 
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FURNACE  AHD  PDWJACE  PANELS. 


FURNACE  The  furnace  is  built  of  heavy  fire  brick,   laid  in 

CONSTRUCTION  fire-clay  ootar  and  is  shown  by  a  photograph  in 

Chapter  VI.       The  outer  face  is  made  of  pressed 
brick,   laid  in  ordinary  plaster  motar.     At  the  four  vertical  edges 
of  the  furnace,  heavy  three  inch  angles  are  provided,   the  two  front 
and  the  two  rear  being  connected  at  both  bottom  and  top  by  heavy 
bolts.     The  entire  setting  rests  on  heavy  steel  framework  which  in 
turn  is  mounted  on  heavy  casters,   if^ich  permit  and  facilitate  movement 
of  the  furnace.       For  the  escape  of  burned  gases,   eight  openings 
are  provided  in  the  arch,   averaging  in  dimensions  5-3/8  inches  by  4 
inches.       At  each  side  of  the  furnace  four  openir^s,   each  4  inches  by 
4  inches,  are  provided  for  the  gas  burners.     Two  small  holes,  one  on 
eadi  side,   are  provided  for  the  insertion  of  furnace  pyrometers. 


HEATING  The  furnace  is  heated  by  eight  burners,   four  on 

each  side,    each  burner  being  made  of  three-fourths 
inch  pipe,   with  controlling  valve  attached,   connected  to  a  one  and 
three-quarter  inch  pipe,   coinected  to  the  gas  supply  main.     Air  is 
supplied  from  an  air  blower  to  all  burners  through  two  and  one-half 
inch  pipes,  with  controlling  valve  attached  at  all  burners.     At^  the 
bottom  burner  on  each  side  a  small  pilot  light  is  provided.     The 
flames  of  all  the  burners  impinge  on  the  middle  of  the  back  of  the 
furnace  and  the  heat  is  then  reflected  to  the  middle  of  the  test  wall. 

PANEL  For  the  testing  of  the  samples,  a  test  wall  in  the 

FRAME^iDORK  form  of  a  steel  frame,  divided  into  three  panels, 

was  constructed.       Under  the  middle  panel,  four 
casters  were  provided,   which  permitted  movement  of  the  whole  frsune. 
The  middle  panel  was  filled  solid  with  large  gypsum  blocks  and  was 
used  as  a  blank  wall  before  the  test  panel  was  moved  into  place.   The 
two  «nd  panels  were  used  for  mounting  the  test  samples.     At  the  four 
corners  of  each  test  panel  holes  were  tapped  and  drilled  for  one-half 
inch  pipes,  which  served  as  supports  for  adjustable  frame-work  of  the 
calorimeter. 
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#5 
PTR01i[ETERS  AND  TilERmMETERS 


PYROMETERS  Tho  pyrometers  used  in  the  tests  that  follow, 

consisted  of  four  platinum  iridium,  and  three 
copper  constantan  couples.   The  platinum  couples  consisted  of  two 
wires  which  were  fused  together  at  one  end  and  soldered  to  their 
leads  at  the  other  end.   The  fused  end  was  designated  as  the  hot 
junction  and  the  soldered  end  as  the  cold  junction.   In  the  case 
of  the  copper  couples  the  hot  junction  was  fused  together  but  at  the 
cold  junctions  the  wires  and  the  leads  were  placed  in  a  glass  tube 
containing  mercury.   In  actual  tests,  the  couples  were  placed 
in  clay  tubing  at  the  hot  junction  end,  and  in  asbestos  rope,  from 
the  clay  tubing  to  the  cold  junction,  in  order  to  protect  the  wires 
from  being  crossed  or  coming  into  contact  with  any  metal. 


CALIBRATION         In  calibrating,  the  metal  used  was  heated  above 
its  melting  point,  and  the  hot  junction  placed 
in  the  center  of  the  molten  metal,  while  the  cold  junction  was  placed 
in  small  glass  tubes  in  ice.   The  leads  attached  to  the  couple 
extended  to  the  particular  galvanometer  used.     The  metal  was  then 
allowed  to  eodl  while  readings  of  the  galvanometer  were  taken  at 
intervals  of  every  fifteen  seconds  until  solidification  occurred.   A 
curve  was  then  plotted  in  every  case  between  galvanometer  readings 
and  time,  and  the  freezing  point  trken  as  shown  where  the  galvanometer 
readings  were  constant.   Thecurve  plotted  showed  a  decided  straight 
line  at  the  freezing  point  in  every  case.  The  freezing  points  of 
the  metals  used  were  taken  from  the  Government  Reports  on  the  freez- 
ir.g  point  of  pure  metals.  Knowing  the  melting  points  of  the  metals 
used  and  the  corresponding  galvanometer  readings,  a  calibration  curve 
was  drawn  for  each  couple,  plotting  temperatures  as  ordinates  and 
millivolts  as  abscissa.   The  calibration  data  will  be  found  in 
Chapter  IV  and  the  curves  in  Chapter  V, 


THERldDMETERS         The  thermometers  used  in  measuring  the  tempera- 
ture of  water  at  entrance  and  exit  in  the  calori- 
meter and  annular  ring  were  obtained  from  the  physics  department. 
All  were  calibrated  to  a  standard  thermometer,  and  all  readings  given 
in  the  test  record  are  corrected. 
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THE  CALORIMETER 

CBCICE  OP  The  design  of  apparatus  for  the  measurement  of 

D£SIGN  the  heat  transmitted  through  the  various  forms 

of  tile,   presented  a  problem  which  was  more 
difficult  of  solution  than  the  acooapanyiog  design  would  seem  to 
indicate.        It  was  only  after  careful  analysis  of  the  conditions 
that  were  to  be  met  with  in  the  different  tests  that  the  particular 
design  was  chosen.       Subsequently »  it  was  found  necessary  to 
make  some  changes  that  would  more  perfectly  meet  the  requirements. 
This  design  was  chosen  because  it  presented  the  most  feasible  means 
of  obtaining  results  that  would  be  accurate, 

THE  DESIGN  The  design  of  the  calorimeter  embodied  the  idea 

of  having  a  thin  layer  of  water  pass  through  a 
definite  channel  from  A  to  B  as  shown  in  the  sketch.     On  account  of 
the  thinness  of  the  layer  of  water,  a  uniform  temperature  prevailed 
throughout.       The  product  of  the  difference  in  temperature  at  en- 
trance and  exit,  and  the  weight  of  water  represents  the  amount  of 
heat  absorbed  by  the  water  during  passage.     The  design  of  the 
calorimeter  is  shown  in  Sketch  No.  I.       It  was  made  of  #28  B  and  S 
gauge  copper  sheet  with  all  joints  carefully  and  tightly  soldered. 
Short  pieces  of  copper  tubing  were  used  in  providing  passage  ways  for 
the  pyrometers.       Short  brass  fcdpples  three-eighths  inches  in 
diameter  were  well  soldered  at  entrance  and  exit  for  the  attachment 
of  the  supply  and  discbcrge  pipes. 

THE  ORIGINAL  The  insulation  originally  provided  for  the  calori- 

APPARATUS  meter,   consisted  of  three  layers  of  cork  arranged 

as  in  Illustration  fJo.   II.       The  layer  flush  with 
the  face  of  the  calorLneter  was  of  one-half  inch  finely  ground  and 
pressed  cork,  in  the  center  of  which  a  recess  large  enough  for  the 
insertion  of  the  calorimeter  was  carefully  turned.     In  back  of  this 
was  provided  two   layers  of  cork,  each  layer  two  inches  in  thickness, 
of  eo&ra*  heavy  stock  and  pressed  with  natural  cork  oil.     The  three 
It^^ers  of  insulation  were  held  in  position  by  a  galvanized  iron 
vessel,   the  edges  of  which  did  not  quite  extend  to  the  outer  edge  of 
the  thin  layer  of  cork.     Short  brass  screws  were  set  through  the 
vessel  into  this  layer.     As  a  tight  fit  was  provided  for  the  other 
layers,   the  entire  insulation  was  held  in  the  vessel  rigidly.  A  circle 
eight  inches  in  diameter  was  cut  in  the  back  of  the  vessel, thereby 
exposing  the  back  layer  of  the  insulation.     This  was  considered 
necessary,   in  order  that  no  heat  could  be  conducted  from  the  vessel 
to  the  water  pipes,  which  pass  through  the  cork  insulation,   from  the 
caloriueter  to  the  fittings  provided  for  the  measurement  of  the 
ten^ieraturea  of  the  water  at  entrance  and  exit.       The  fittings, placed 
as  close  as  was  practicable  to  the  back  of  the  vessel,  consisted  of  an 
elbow  and  a  tee  insulated  by  a  mold  of  Kiesel  Guhr  and  gypsum.     For 
the  insertion  of  the  pyrometers,   holes  were  drilled  through  the   cork 
in  coincidence  with  the  holes  in  the  calorijieter,8o  that  the  pyrometers 
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had  a  straight  passage  through  the  insolation  and  calorimeter  to 
the  sample  form, 

INSOLATION  Daring  the  test,  which  is  not  recorded  in  these 

PAILURE  contents,    the  cork  adjacent  to   the   tested  sample 

was  burned  out,  and  new  means  of  insulation  had 
to   be   devised.     The  burning  of  this   insulation  spoiled  all  results 
of  the  teat,  but  gave  valuable  information  as  to  the  proper  means 
of  insulation  and  the  form  it  should  take. 


ANNULAK.  The  method  of  insulation  decided  upon  was  two- 

RIN6  fold  in  its  application  and  provided  a  means  of 

a  more  thorough  insulation  than  that  used  in  the 
first  test.       An  annular  ring  was  constructed  of  the  same  material 
as  the  calorimeter  and  is  shown  in  illustration  III.     This  was 
placed  around  the  calorimeter  with  one-eighth  inch  clearance.  At 
one  side,   the  ring  was  divided  with  a  copper  strip,  and  7»ater  supply 
pipes  were  placed  above  and  below  this  division  wall,   to  insure 
the  ring  being  full  at  all  tiiaea.     The  discharge  pipe  was  placed 
on  the  opposite  side.     Pitting^  for  the  measurement  of  the  tempera- 
ture of  the  entrance  and  exit  water  were  provided  similar  to  those 
on  the  calorimeter.       At  the  outer  edge  of  the  annular  ring  a 
strip  of  copper  ribbon  was  placed,   serving  as  an  adjunct  in 
dissipating  the  heat  away  from  the  insulation. 

RESULTS  The  addition  of  the  annular  ring  as  a  means  of 

OBTAINED  insulation  for  the  calorimeter  accomplished  two 

results: 

1.  It  protected  insulation  in  back  of  the  calorimeter  and  the 

ring  from  destruction; 

2.  It  made  a  perfect  insulation  on  the  outside  edges  of  the 

calorimeter. 

The  first  of  these  results  is  obvious,  because  the  entire  face 
exposed  to  the  heated  sample  was  thoroughly  cooled  by  the  water  pass- 
ing through  the  calorimeter  and  the  ring,   and  therefore  sufficient 
heat  could  not  be   transmitted  to  the  insulation  to   cause  it  to  be 
destroyed.        The  second  was  accomplished  by  creating  aperfect  heat 
balance  between  the  calorimeter  and  the  annular  ring.        Through 
adjustment  of  the  valves  at  the  respective  exits,   the  difference  in 
temperatures  at  entrance  and  exit  of  the  calorimeter  and  the 
annular  ring  was  the  same  and  equal.     When  this  condition  had  been 
reached  no  heat  was  being  transmitted  to  or  drawn  away  from  the 
calorimeter  and  therefore  the  amount  of  heat  absorbed  in  the 
calorimeter  was  only  that  transmitted  through  its  exposed  face. 
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H/DONTING  At  the  points  where  the  pipes  to   the   entrance 

and  exit  of  the  annular  ring  passed  through 
the   back  of  the  galvanized  iron  container,   the  metal  was  care- 
fully cut  away  for  a  distance  of  approximately  tvro  and  onehalf  inches 
in  all  directions,   thus  avoiding  any  error  due  to  heat  being 
conducted  from  the  container  to  the  water  pipes.     The  annuletr  ring 
was   carefully  mounted,   in  the   same  manner  as  the   calorimeter  with 
its  face  in  the  same  plane  as  the  calorimeter.     Asbestos  and  Rieael 
Guhr  was  packed  solidly  in  the  oae-eighth  inch  clearance  between 
the  calorimeter  and  the  ring  to  keep  heat  from  passing  between  the 
two  containers. 


ADJUSTIISG  The  calorimeter  was  held  in  place  on  the  face  of 

IN  PLACE  the  scunple  by  means  of  a  frame-work  made  of 

iron  pipes  and  pipe  fittings.       The  portions  that 
were  to  move  through  appreciable  distances  were  threaded  and 
fitted  with  nuts  to  securely  lock   the  frame-work  when  once  it  had 
been  ad jjsted.       By  means  of  this  frame-work  fine  adjustments 
could  be  made  in  all  directions.       The  circular  band  shswn  in  the 
photograph  was  the  immediate  svpport  of  the  shell  of  the  calorimeter 
and  by  its  aid  a  farther  adjustment  to  and  from  the  test  panel,   and 
also  in  a  rotary  direction  was  obtained.       The  latter  was  of 
great  importance  in  placing  the  pyrometers  in  position.       The  frame- 
vTork  operated  satisfactorily  at  all  times  and  gave  a  rigid  and 
solid  protection  to  the  pyrometers,  which  might  have  been  izgured 
had  any  movement  occurred. 
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THE  WATER  SUPPLY 


THE  TANK  A  tank  having  a  capacity  of  approximately  five 

gallons  was  placed  on  a  standard  near  the  ceil- 
ing.    The  supply  of  water  was  obtained  from  the  city  mains  which 
were  connected  to  the  tank.       The  discharge  to  the  calorimeter 
and  the  euinnlar  ring  was  through  half  inch  pipe.     An  overflow 
pipe  two  inches  in  diameter  was  provided  to  keep  the  water  in 
the  tank  at  a  constant  level.     The  supply  line  was  connected 
with  the  calorimeter  and  annular  ring  by  three-eighths  inch  patrol 
hose. 


DISCaARGS  The  discharge  fittings  for  the  calorimeter  con- 

FITTINQS  sisted  of  half-inch  pipe  with  a  one-half  inch 

gate-valve  placed  in  the  line  to   permit  adjust- 
ment of  flow.     This  was  placed  on  a  standard  in  such  a  way  as  to 
insure  a  constant  head  on  the  system.     The  exit  from  the  annular 
ring  consisted  only  of  a  length  of  three-eighth  inch  hose  with  a 
valve  attached  for  adjustment  of  flow. 


ADJUSTMENT  This  arrangement  gave  a  constant  head  on  the 

OP  PLOW  calorimeter,  which  was  of  priae  importance.     The 

supply  to  the  tank  was  adjusted  in  every  test  so 
that  the  overflow  pipe  was  constantly  discharging  water.     As  the 
position  of  the  discharge  fitting  from  the  calorimeter  was  the 
same  throughout  each  test,   the  head  was  constant  and  therefore 
the  discharge  the  same  for  all  periods. 
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G2KERAL  PLAN  OP  IMVESTIGAnON 


ZSSENTIAL  The  general  plan  of  innrestigation  of  each 

FEATURES  sample  was  practically  the  same,   the 

essential  features  in  each  teat  being  the 
determination  of  the  following: 

1,  Physical  characteristics  before  exposing  to  fire; 

2.  Time  and  temperature  for  saturation  at  all  depths 

for  different  furnace  temperatures; 

3.  Heat  transmitted  per  unit  of  area  at  these  satura- 

tion points  for  the  different  furnace  temperatures; 

4,  Physical  characteristics  after  exposure  to  fire. 

After  accurate  measurements  of  each  saiqple  had  been  taken,   the 
form  was  closely  examined  for  flaws,   cracks,   scale,  broken  edges, 
holes,   scabs,  lime  spots,  marks  of  unequal  kiln-heating,  hard- 
ness, color,   etc.       Photographs  of  each  sample  tested  were  taken, 
which  are  attached,  in  order  to  clearly  identify  these 
characteristics.     The  sample  was  then  set  in  place  in  the  center 
of  the  test  panel  and  the  calorimeter     and  pyrometers  installed 
and  properly  ad jisted,  and  the  water  and   electrical  connections 
made. 


OPSIATION  The  solid  panel  of  the  test  wall  was  the  n  rolled 

infront  of  the  furnace  and  the  burners  set  in 
operation.       After  the  furnace  temperature  had  been  properly 
adjusted,  the  test  panel  was  rolled  in  front  of  the  furnace  and 
set  flush  against  its  edges.       Reading  of  the  pyrometers  were 
taken  and  subsequently  at  definite  intervals  throughout  the  test. 
As  soon  as  the  temperatures  throughout  the  sample  had  become  con- 
stant, for  a  given  furnace  temperature,   the  flow  of  water  through 
the  annular  ring  and  the  calorimeter  was  ad^sted  to  give  the  same 
difference  in  temperatures  at  entrance  and  exit.     Readings  of 
these  temperatures  were  then  taken  and  recorded.     The  discharge  was 
then  measured  for  a  period  of  time  sufficient  in  length  to  avoid 
errors  usually  made  in  an  operation  of  this  nature.     When  the 
readings  of  the  pyrometers  and  the  thermometers  had  remained  con- 
stant for  a  period  varying  from  thirty  minutes  to  one  hour  at  the 
given  definite  temperature  in  the  furnace,  the  burners  were 
adjusted  to  give  the  next  temperature  desired  in  the  test,   and  the 
same  procedure  followed.     Each  sample  was  tested  at  three  different 
furnace  temperatures  in  this  manner,   each  temperature  being  main- 
tained until  the  saturation  point  at  that  temperature  had  been 
reached.     The  constancy  of  the  pyrometer  and  thermometer  readings, 
for  a  reasonable  length  of  time,  indicated  that  the  saturation 
point  had  been  reached  for   that  particular  furnace  temperature.  In 
order  that  the  equation  of  the  curve  showing  the  heat  transmitted 
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be  definite,  it  waa  deemed  beat  to  test  each  saople  at  three 
different  furnace  temperatures,  these  temperatures  ranging 
from  approxioiately  1200  to  2000  degrees  Fahrenheit. 

After  the  saturation  point  at  the  high  eat  temperature 
had  been  reached  and  maintained  for  a  reasonable  length  of  time, 
the  gas  supply  to   the  furnace  was  shut  off  and   the  furnace  and 
the    test  panel  allowed  to  cool  slowly  to  normal  temperature. 
The  sample  was  then  reooved  from  its  setting  and  its 
characteristics  noted.  In  addition  to  the  previously 

mentioned  characteristics  the  fbllovdng  qualities  were  noted: 
Depth  and  degree  of  calcination  and  disintegration,  depth  of 
vitrification,  checking  and  cracking,   defective  depth  of  injury, 
falling  away  of  faces  and  edges,  and  the  general  change  in  the 
texture  of  the  tile.       Photographs  of  each  saaple  after 
exposure  to  fire  were   taken  and  are   shown  in  Chapter  VI, 
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CHAPTER  lY 

sxaminatiom,  test  recxdrd,  aud  calcdlatiohs 

A.  Pyrometer  Calibration  Data 

B.  Test  No.  1 

C.  Test  Ho.  2 
B«  Test  No.  3 
£.  Test  No.  4 
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PTBOMETER  CALIBRATION  DATA 


Couple  Ho.  126    128    ISO    ISl    Series  S 

Uelting  Point       449    449    449    449    449 

of  Tin, 

Toltage  (in        2,22   2,21    .T9    ,75    7.80 

milliTolts) 

Melting  Pbint  of  786         786         786         786         786 

2inc 

Tol^age  (in  4.60       4.59       l.«;9       l.«0     14.86 

millivolts) 

Melting  Point  1981       1981      1981       1981       1981 

of  Copper 

Voltage  (in  14.52     14.29        4.9      4.6*; 

sillivolts) 


The  above  calibration  was  carried  out  with  the  ose  of 
Galvanometer  #2,  nhicb  was  used  in  all  of  the  oeaeuretaenta  taken 
in  the  thesis.       Pyrometer,  Series  >;,  was  used  in  connection  and 
in  series  with  a  resistance  box. 

The  data  for  curve  #6,  for  couple  Series  <^  in  connection 
with  Galvanometer  #3  and  without  resistance  in  circuit,   is  as  foll- 
ows t- 
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TEST  HD.   1 

POUR  INCH  COmSRCIAL  FORM 
OP  BUILDING  TILE 

The  sample  selected  fbr  test  was  of  the 
ordinary  form  of  commercial  building  tile  with 
ridged  outer  surfaces  taken  at  random  from  a 
large  number  of  similar   forms,   but  of  such 
quality  as  to   represent  an  average  tile  in  size, 
nature  of  structure,  density,   color  and  hard- 
ness. Before  actual  exposure  to   fire  the  physical 
characteristics  of  the  sample  were  noted  in 
order  to   afford  a  comparison  mth  the  character- 
istics shown  after  exposure.     Photographs  were 
taken  in  order  to  more  closely  accentuate  the 
points  of  difference.     The  measurements  of  the 
component  parts  of  the  sample  are  shown  on 
Illustration  lio,  V. 
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PHYSICAL  CHARACTERISTICS  BEPDRE  EXPOSURE 


SKFOSHt  The  flange  «bidi  "iras  designated  as  that  which 

SUR?ACS  vaould  be  exposed  to  the   firs  was  sneoth  in 

appearance  and  was  a  deep  tan  in  color  over  the 
entire   surface.     The  ridges  were  uniform  and  equal  in  depth, 
with  the  exception  of  that  part  of  the  flange  which  was  directly 
over  the  webs  where  they  were   still  uniform  in  depth  but  not  of 
the  same  width  as   the  inajority.     The  surface  was  uniform  in 
texture  and  density     with  no  evidence  of  foreign  ingredients.   The 
flange  was  hard  and  solid  throughou^^  devoid  of  all  cracks,   and 
gave   forth  a  sharp  metallic  sound  when  struck. 


DNEXPOSED  The  unexposed  surface  of  the  sanple  was  fairly 

SURFACE  smooth  mth  uniform  and  equal  depths  in  the 

ridges.       In  t^no  places   the  ridges  were  slight- 
ly broken  and  on  one  corner  a  small  chip  had  been  broken  off.  A 
few  small  air  holes  were  present  but  none  had  any  appreciable 
depth.     The  entire  interior  of  the  form  was  very  smooth,  had  no 
air  holes,   and  was  uniform  in  texture. 


THE  EM)S  The  ends  of  the  sample  were  rather  rough,  and 

AND  WEBS  the  webs  were  slightly  misshaped, probably  due  to 

unskillful  handling  of  the  molded  form  pre~ 
liminary  to  kiln-drying.     The  ends,    sides  and  flanges  were  at 
right  angles  in  all  places  and  the  vriiole  presented  a  rectangular, 
symmetrical  form. 


SETTING  After  the  physical  characteristics  had  been 

noted,   the  sample  was  placed  in  one  end  of  the 
test  wall  mth  both  faces  flush  with  the  frame- 
work surrounding  it.     The  calorimeter  was  then  placed  flush 
with  the  back  of  the  sample,   and  the  pyrometers  located  in  their 
respective  places.     Two  holes  had  previously  been  drilled  in  the 
back  of  the  sample  according  to  a  template  of  the  holes  in  the 
calorimeter,   which  facilitated  the  insertion  of  the  pyrometers 
in  their  correct  positions.       Three  pyrometers  were  inserted  in 
the   saople.     One  of  these  was  placed  on  the  inside  surface  of 
the  unexposed. face.     The  second  was  placed  even  with  the  inside 
surface  of  the  unexposed  face,  ^ile  the  third  was  placed  on  the 
outside  surface  of  the  unexposed  face.     This  arrangement  was 
chosen  in  order   to  give,  if  any,  information  regarding  the  value 
of  the  air  space  present  in  this  particular  form. 
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OPERATION  Aft  soon  as  the  apparatus  had  been  mounted  on 

the  tile  form,   the  blank  portion  of  the  test 
wall  was  rolled  into  place  in  front  of  the  furnace,  and  the 
furnace  set  in  operation.     'Shen  the  temperature  in  the  furnace 
had  reached  approximately  1200**?,       The  test  wall  was  rolled 
until  the  end  containing  the  saunple  to  be  tested  was  directly 
exposed  to  the  fire.     Readings  of  the  furnace  temperature  were 
obtained  by  means  of  a  furnace   couple,   placed  in  contact  with  the 
center  of  the  exposed  face  of  the  sample.     Readings  of  the 
pyrometers  were  taken  at  ten  minute  intervals.     As  the 
temperatures  became  constant  throughout  the  sample,    the  flow 
of  water  through  the  calorimeter   and  the  annular   ring  was 
adjusted  to  give    the  same  difference  in  temperature  between  their 
respective  entrances   and  exits.     During  the  time  when  the  read- 
ings of  the  pyrometers  and  the  thermometers  showed  but  slight 
variation,  obftervations  were  frequently  made  in  order  to  more 
closely  judge  the  correctness  of  the  temperatures  taken  as 
saturation  points.       When  the  readings  of  the  pyrometers  had 
become  constant,   final  readings  of  the  temperatures  of  the  water, 
at  entrance  and  exit,  of  the  annular  ring  and  the  calorimeter,   were 
taken  and  the  rate  of  flow  detemined  for  a  period  of  time 
sufficient  in  length  as  to  insure  a  fair  average  value  of  the 
discharge. 


TEHPERATDRE  As  rapidly  as  possible,   the  temperature  in  the 

RISE  furnace  was  then  raised  to  16C0°P  by  adjusting 

the  gas  and  air  supply  to  the  burners.     Read- 
ings similar  to  those  enumerated  in  the  first  part  of  the  test 
were   taken,  and  at   the  point  of  saturation  the  rate  of  flow,   and 
the  temperatures  of  the  water  passing  through  the  annular  ring  and 
the  calorimeter  were  noted.     The  burners  were  again  adjusted  so  as 
to  give  a  furnace  temperature  of  1800°P  and  readings  taken  at 
ten  minute  intervals  until  the  saturation  points  at  all  depths 
were  reached,  when  the  rate  of  flow  and  the  temperatures  of  the 
water  passing  through  the  calorimeter  and  the  annular  ring  ware 
noted. 


SHUTTING  After  the  last  reading  had  been  taken,  the  gas 

DOWN  and  air  supply  were  shut  off  and  the  furnace 

allowed  to  cool  slowly.     When  the  test  wall  and 
furnace  were  thoroughly  cooled  the  apparatus  was  taken  down  and 
the  sample  form  of  tile  carefully  removed.      Careful  observations 
of  the  physical  characteristics  of  the  sample   were   then  made, and 
the  points  of  difference,   before  and  after  exposure  to  fire, noted. 
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PHYSICAL  CHARACTiSRISTICS  AFTER  EXPOSURE 


EXPOSED  The  color  of  the  sample  was  practically  the 

SDRPACa  aame,  or  at    the  most,  only  a  slightly  lighter 

shade.     When  tapped,    it  gave  forth  a  hollow 
sound.     The  ridges,   on  the  surface  of  the  sample  were  unchanged. 
There  was  a  slight  crack  three  and  one-half  inches  long  over 
one  web  and  another  extending   the  entire   length  of  the  tile  over 
the  other  web.        There  was  a  slight  crack  from  the  second 
web  to  the  edge  about  two  inches  from  the  center  of  the  tile. 


UNEXPOSED  The  unexposed  surface  was  unchanged  in  color, 

SURFACE  texture  and  fiiyaical  characteristics.     This  was 

due  in  all  probability  to   the  cooling  effect 
of  the  calorimeter  and   the  annular  ring. 


EBDS  AND  There  was  a  crack  all  along  one  side  which  was 

WEBS  irregular  in  direction  and  size.     This  crack 

was  at  the  joining  point  of  the  exposed  surface 
and  the  end.     There  was  a  slight   crack  across  the  middle  of 
this  end  from  the  exposed  face  to  the  unexposed  face.      The  other 
end  had  a  heavy  crack  along   its  whole  length,   at   the  joining 
point  of  the  exposed  surface  and  the  end.     All  the  webs  were 
cracked  along  the  exposed  face. 
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TEST  #1 
Misoellaneous  Data 


Pyrometers:-  #1  =  calibration  curve  #2  for  pyrometer  #128 
#2  a  calibration  curve  #3  for  pyrometer  #130 
fZ  s     calibration  carve  #5  for  pyrometer  ^Series  5. 


lat  Saturation  Point 

Difference  in  temperature  between  entrance  ani   exit  of 
calorimeter  s     2.12°? 

Veight  of  water  discharged 

s  «:7.4Q^  in  12  minutes 
=     4.79#  /ndn. 


2nd  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  =     3;1^°P 

Weight  of  w4ter  discharged 

s  67. 3#  in  1^  minutes 
=     4.49#/min. 


3rd  Saturation  Point 

Difference  in  temperature  between  entrg^nce  and  exit  of 
calorimeter  =     4.86  P 

A'eight  of  water  discharged 

=  «!4,62^#  in  1"?  minutes 
=     3.64#/min. 
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TEST  #1 
Caleulationa 

l3t  Saturation  Point 

Furnace  teoperature  s 

Temperature  at  back  of  tile  = 

Difference  in  temperature  = 

Difference  in  temperature  between 

calorimeter  = 

Hate  of  flow  through  calorimeter= 

Heat  transmitted  = 


Thermal  conductivity,     K 


123!? 

190 

104  «f 

entrance  and  exit  of 
2.12°? 

4.79#/min. 

1.834  X  4.79  X  2.12 
18.613  Btu/sq.ft./min. 

18.613  X  3.76 
104*; 

.0669 


2nd  Saturation  Point 

Purnece  tea$)erature  = 

Temperature  at  back  of  tile  = 

Difference  in  temperature  = 

Difference  in  temperature  between 

calorimeter  s 

Rate  of  flow  thru  calorimeter  = 

Heat  transmitted  = 


Thermal  conductivity,  K, 


Srd  Saturation  Point 

Furnace  temperature  = 

Temperature  at  back  of  tile     = 
Difference  in  temperature      s 

Difference  in  temperature  between 
calorimeter 


160Q 

321 

1279 

entrance  and  exit  of 
3.1«**P 

4.49#/min. 

1.834  X  4.49  X  3.1s 
2^.938  Btu/sq.ft./min, 

2'^.83e  X  3.76 
1279 
.0762?! 


ISSe 

341 

1494 

entrance  and  exit  of 
4.86°F 


Heat  transmitted 


Th»rmal  Conductivity »  K, 


s       3,64#/min, 

=     1.834  X  3.64  X  4.86 
=     33.443  Btu/sq.ft./min. 

-     35.44  X  3.76 
1494 


=      .084? 
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PYROIdETmS 


PURH.   TaiP.     #1         TSiiP.  #2        TiaP.     #3     TSfiP. 
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8.1s 
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380 

.21 

140 

.20 

45 

12:20 

8.05 

122  F 

3.10 

F80 

c48 

280 

.48 

68 

12;S0 

8.10 

123F 

3.71 

660 

.70 

390 

.7F 

85 

12:40 

8.00 

1220 

4. IF 

72f 

.8F 

460 

.98 

102 

12:S0 

8.02 

1220 

4„40 

7F8 

.95 

480 

lelO 

112 

1:00 

8.10 

123  F 

4.FF 

77  F 

1.00 

«^25 

1.30 

123 

1:10 

8.02 

1220 

4e70 

800 

1.02 

«;40 

1.35 

129 

1:20 

8. IF 

1240 

4.78 

80F 

1.08 

F60 

1.40 

131 

liSO 

8.00 

1220 

4.8F 

815 

I.ID 

F7F 

1.60 

145 

1:40 

8.02 

1220 

4.90 

822 

I.ID 

F7F 

1.62 

148 

1:«« 

a,o«5 

122  F 

4.9F 

830 

1.10 

F75 

1.69 

IFO 

2:00 

8.0  S 

122  F 

"^.OO 

83F 

1.10 

F7F 

2.13 

180 

2:10 

8.10 

123  F 

«;.0F 

840 

l.lF 

F9F 

2.13 

180 

2:20 

8.10 

122^ 

F.3D 

8F0 

l.lF 

F9F 

2.16 

181 

2:30 

8.08 

1230 

F.lF 

8FF 

1.15 

595 

2.23 

195 

2:40 

8.08 

1230 

F.16 

8F^ 

1.17 

600 

2.30 

188 

2:0 

8.20 

124"; 

F.20 

860 

l.lF 

F9F 

2.23 
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3:00 

8.10 

123F 

F.2F 

870 

1.18 

610 

2,31 

190 

3:10 

10.71 

IFFF 
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91«^ 

1.22 

630 

2.22 
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6.30 
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11.11 

1600 

7.40 

1147 

1.72 
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?:20 

11.08 
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1.71 
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268 
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1600 
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1.75 
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3.77 

272 
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160C 
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3,95 

280 

^:'0 

n.iD 

1600 

7.«!3 

1163 

1.80 

860 

4.12 

292 

6:00 
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1600 

7.60 

1172 

1.8F 

880 

4.22 

296 
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n.iF 
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7.61 
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4.3F 
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KOTEt- 


The  factor  1,834  used  in  the  calculations  of 
these  tests  is  obtained  as  follows:- 

The  area  of  the  calorimeter  in  square  feet 


=          100 TT 
5¥r~ 

a     .■;4«:  aq.   ft. 


Aa  the  heat  tranasitted  through  the  samples 
is  to  be  expressed  in  Btu/aq.ft.   the  factor  to  be  used  is 

1.000  _  1,834 
«?4S 


,:i  .pa  ->= 
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T  E  S  T  HO.  2 

SAMPLE  OP  SOLID  TILE. 

This  test  was  mads  on  e  sample 
of  solid  tile, ground  to  an  enren 
thickness     as  shown     in  the  data. 
The  grade  and  quality  of  the  tile 
was   the  same  as  used  in  the  three 
other  tests. 
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PHYSICAL  CHARACTERISTICS  BEFORE  EXPOSURE 
AHD  SETTING 


SIZE  OF  The  sample  chosen  for  this  test  had  an  aver- 

SAMPLE  age  thickness  of  1.088  inches, the  limits  from 

which  this  average  was  taken  being  1,07  inches 
to   1.12  inches.     The  width  of  the  face  was  11  inches  while 
the  length  was  17  inches. 


THE  Both  surfaces  were  very  smooth  and  showed  no 

SURFACES  cracks  nor  flaws  of  appreciable  extent.     They 

were  permeated  with  small  air  holes  but  the 
texture  of  the  tile  as  a  whole  was  fine  grained  and  smooth.   The 
surfaces  were  a  deep  tan  in  color  and  even  throughout.   By  a 
comparison  of  the  texture,   hardness  and  looks  of  this  sanple 
with  that  of  the  other  samples  tested,  it  would  seem  probable 
that  the  composition  of  all  the  forms  was  the  same. 


THE  SETTING  The  setting  for  this  sample  was  somewhat  differ- 

ent from  that  employed  for  the  other  sasples 
inasmuch  as  the  thickness  of  this  saople  was  such  that  it  would 
not  facilitate  the  building  of  a  wall  equal  in  thickness  to  the 
sample.     The  saople  was  placed  in  a  wall  of  ordinary  brick  four 
inches  thick  with  the  unexposed  surface  flush  with  the  back  of  the 
wall. 

The  calorimeter  was  then  placed  against  the 
unexposed  surface  of  the  sample  and  a  pyrometer  inserted  so  as  to 
be  in  direct  contact  with  the  tile.      The  water  and  electrical 
connections  were   then  made  and  the  ordinary  procedure  followed. 
Readings  of  the  temperatures  were   taken  at  five  minute  intervals 
because  the  thickness  of  the  sample  was  such  that  the  heat  was 
transmitted  at  a  much  faster  rate  than  in  other  teats. 
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PHTSICAL  CHARACTERISTICS  AFTER  EXPOSURE 


CHANGES         The  character  of  this  sample  nas  affected  in 

only  a  few  ways  by  exposure  to  fire.   There 
was  only  a  slight  change  in  color,  the  change  being  a  slight 
decrease  in  the  reddish  tint.  The  soundness  was  affected  only 
trifle, as  the  sample  when  struck  gave  forth  a  fair  metallic 
ring.   No  vitrification  or  calcination  could  be  noticed.   No 
cracks  nor  flaws  other  than  those  present  before  exposure  were 
to  be  seen* 


wuzcnm  mnk  aoiTaiaaioAHAHO  jaoibih'J 
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TEST  #1 
MiBcellaneoua  Data 


Pyrometers:-    #1     =  Calibration  curve  #2  for  pyrometer  #128 


lat  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  =     4,0e;°F 

Weight  of  water  discharged 

=     ':8.71#  in  14  minutes 
=:       4.19#/adzu 


2nd  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  =     6,03°P 

Weight  of  water  discharged 

=     61.6*;6#  in  14  minutes 
=     4.40#/min. 


3rd  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  =       B.IO^P 

Veight  of  water  discharged 

=       61. 60 9#  in  14  minutes 
=         4.40#/min. 


?s% 
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. ;  loioalioXeo 
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TEST  #2 
Calcttlationg 
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1st  Saturation  Point 


Furnace  teaperature  =     1201 

Temperature  at  back  of  tile         =       264 
Difference  in  temperature  =       937 

Difference  in  temperature  between  entrance  and  exit  of 

calorimeter  =       4,0^''? 

Rate  of  flow  thru  calorimeter       =:    4«194#/fflin. 

Heat  transmitted  =     1*834  z  4,194  x  4.0^ 

=     31.03  Btu/a^.ft./min. 

Thermal  Condictivity,  K,  s     31.03  x  1.088 

9S7 


=     .05«>7 


2nd  Saturation  Point 


Furnace  temperature  =     If^Sl 

Tenperature  at  back  of  tile         s       340 
Difference  in  teaperature  =     1241 

Difference  in  tenperature  between  entrance  and  exit  of 

calorimeter  =     6,03°F 

Rate  of  flow    thru  calorimeter  =     4,403#/min, 

Heat  transmitted  s     1.854  z  4.403  x  6.03 

=     48. Rc  B tu /sq.ft. /min. 

Thermal  conductivity,  K,  =     48. ?g  x  1.088 

1241 


=     .0422 


3yd  Saturation  Point 


Furnace  temperature  =  1922 

Temperature  at  back  of  tile         =       391 

Difference  in  ten5>erature  =  1«^S1 

Difference  in  temperature  between  entrance  and  exit  of 

calorimeter  =       8,10°ff 

Rate  of  flow  thru  calorimeter     =  4,40#/min. 

Heat  tranonitted  =  1.834  x  8.10  x  4.40 

=  6i;.22  Btu/sq.ft./min. 

Thermal  conductivity,  K,  =  6'=;.22  x  1.088 

=  .0460 


m 
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TEST  #2  -  SOLID   SAi.;?L£  0?  TILE 


TiidE 

PYUOiiLTZRS 

PURN. 

TEUP. 

#1 

Tm 

12jOO 

7.45 

1150 

»2 

80 

12:0  5 

7.75 

1190 

.22 

85 

12:  ID 

7.95 

1215 

.25 

91 

12:1«> 

8.10 

123  3 

,15 

70 

12:20 

8.25 

12  52 

.20 

80 

12:25 

7.90 

12C5 

.61 

172 

12:20 

7.68 

1180 

.71 

190 

12:35 

7.76 

1190 

.80 

20  5 

12:4C 

7.88 

120  5 

.81 

210 

12:4-^ 

7.95 

1215 

.82 

212 

12:!50 

7.92 

1210 

.89 

225 

12:55 

7»99 

1218 

.85 

220 

1:00 

8.10 

1233 

.80 

205 

1:05 

8.11 

123  5 

1«00 

245 

1:10 

8.16 

1240 

1.02 

250 

1:15 

8.00 

1220 

1.10 

263 

1:20 

8.00 

1220 

1.12 

270 

1:25 

7.85 

1200 

1.15 

273 

1:30 

7.71 

1185 

1.10 

263 

1:35 

7.75 

1190 

1.10 

263 

1:40 

7.85 

1200 

1.10 

263 

1:45 

7.81 

1195 

1.09 

262 

1:50 

.-.. 

-_ 

1:55 

7.85 

1200 

1,05 

256 

2:00 

8.90 

1330 

,72 

190 

2i05 

9.90 

1450 

1.05 

256 

2:10 

10.55 

1535 

1.10 

263 

2:15 

10/77 

1560 

1.29 

296 

2:20 

11.00 

1585 

1.40 

315 

2:25 

10.80 

1562 

1.50 

331 

2:30 

10.90 

1515 

1.52 

340 

.  2:35 

10.91 

1576 

1.52 

34C 

2:40 

U.OO 

158  5 

1.52 

340 

2:45 

11.00 

l'^5 

1.52 

340 

2:50 

10.92 

1577 

1.52 

340 

2x55 

10.99 

1585 

1.52 

540 

S:00 

11.01 

1590 

1.52 

340 

3s05 

12.45 

1760 

1.50 

331 

5:10 

13. U 

1840 

1.59 

347 

3:15 

13.80 

1920 

1.75 

375 

3:20 

13.70 

1910 

1.79 

381 

3:25 

13.75 

1915 

1.81 

387 

3:30 

13,85 

1928 

1.85 

391 

3:35 

14.01 

1950 

1.85 

391 

3:40 

13.71 

1910 

1.85 

391 

3:45 

13.  Tl 

1910 

1.85 

391 

3:50 

13.79 

1920 

1.85 

391 

3:55 

13.80 

1920 

1.85 

391 

4:00 

13.81 

1922 

1.85 

391 

Ice.        Mjueted   pyrometer, 
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T  E  S  T  HQ,   3 

SPECIAL  FORM  OF  TILE  MADE 
TO  SPECIFICATIONS. 

This  test  was  made  on  a  special  form 
of  tile  as  shown  in  Illustration  #  VI, 
The  grade  and  quality  of  the  tile  used 
was  the  same  as  that  used  in  the  three 
other  teats. 


2  ,.>: 
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PHYSICAL  CHARACTERISTICS  BEFORE  EXPOSURE 

AND  SETTING 

THE  FORM  The  form  used  in  this  test  was  ma.de  of  four 

slabs  of  tile  with  dimensionB  shown  in  Illustra- 
tion No.VI.       The  slabs  were  smooth  in 
appearance  and  of  the  same  color,   texture  and  hardness.     Each 
slab  was  separated  by  ribs  at   either    end  made  of  long  strips  of 
tile  embedded  in  cement  mortar.      When  completed  the  form  looked 
like  an  ordinary  piece  of  building  tile  with  three  air  spaces, 

EXPOSED  The  surface  that  was  exposed  to  the  fire  was 

SURFACE  coo^aratively  smooth  in  appearance  with  a  deep 

reddish  brown  color.     The  entire  surface  was 
somewhat  indented  with  black  spots  varying  in  size  from  one-six- 
teenth to  three-sixteenths  inches.     A  few  small  chips  bad  been 
broken  from  the  surfftcep   but  the  damage  was  very  slight.     On  one 
edge  of  the  s&mple  a  very  slight  crack  was  noticeable,   but  the 
remainder  of  the  flange  was  unmarred.     When  struck  it  gave  forth 
a  sharp  metallic  ring. 

UNEXPOSED  The  back  flange  of  the  sample  was  very  smooth 

SURPACE  but,   like  the  exposed  flange,  was  somewhat  in- 

dented with  small  black  spots.     The  color  of  this 
flange  was  a  little  more  yellow  than  the  exposed  surface.     The 
other  two  flanges  possessed  the  same  characteristics  as  did  the 
back  flange.     The  texture  of  the  slabs  was  the  same  as  shown  where 
the   edges  were  broken  or  scarred.       The  material  used  in  their 
manufacture  was  fine  except  for  small  pebbles,  distributed 
throughout,  which  were  less  than  one-eighth  inch  in  diameter. 


THE  The  setting,  on  account  of  the  thickness  of  this 

SETTING  sample,   was  a  little  different  than  that  used  in 

the  other  tests.     It  was  found  necessary  to 
place  four  and  one-half  inch  bricks  on  all  sides.     Layers  of  these 
bricks  were  used  for  a  considerable  distance  from  the  sao^le, 
and  then  ordinary  brick  was  used  for  filling  the  remit inder  of  the 
panel.     To  prevent  any  possibility  of  the  exposed  surface  falling 
away  from  the  sample,   it  was  deemed  necessary  to  use  some  means 
of  binding  the  flanges  together.     The  means  adopted  consisted  of 
placing  tflo   right  angle  irons,  one  on  each  side  of  the  exposed 
face  and   embedding  them  in  the  brick-work  for  a  distance  of  three 
inches.     Pyrometers  were  placed  on  the  face  of  each  slab  nearest 
the  calorimeter.     The  water  and  electrical  connections  were  then 
made  and  the   test  conducted  as  given  in  Test  No.l. 
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PHYSICAL  CHj^RACTERISTICS  AFTER  EXPOSURE 


CHASGES  The  texture  of  the  exposed  surface  was  not 

appreciably  changed  but  there  was  a  decided 
change  in  color,   having  changed  to  a  deep  brown.     A  few  small 
additional  chips  had  been  broken  off  but  otherwise  the  surface 
was  the  same  as  before  exposure.     Calcixiation  and  vitrification 
were  noticed  only  in  the  first  flange,  the  remaining  flanges 
of  the  form  not  being  affected  by  fire. 


3HU£.  •.  aOITaiHaTOAH-iK)  JAOiaifi*! 
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TEST  #3 
Miacellaneoua  Data 


Pyrometers:-     #1  =  calibration  curve  #4  for  pyrometer  #131 

#2  =  calibration  curve  #2  for  pyrometer  #128 

#3  =  calibration  curve  #3  for  pyrometer  #130 

#4  =  calibration  curve  #f?  for  pyrometer  #Series  5 

lat  Saturation  Point 

Difference  in  temperature   between  entrance  and  exit  of 
calorimeter  =     2,9«;*'P 

Veight  of  water  discharged 

=     70,7]#  in  16. 2«?  minutes 
=     4.38#/min. 

2nd  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  =     4.6eOf 

Teigbt  of  water  discharged 

=     ':9.2^  in  16  minutes 
s     3.70#/min. 


8rd  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  =     6,11**P 

Weight  of  water  discharged 

^     5^.92#  in  l*"  minutes 
=     3.72#/min. 
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TEST  #3 
Calculations 
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lat  Saturation  Point 

Furnace  ten5)«'ature  =     1210 

Temperature  at  back  of  tile  =         97 

Difference  in  temperature  =     1113 

Difference  in  temperature  between  entrance  and  exit  of 

calorioeter 
Rate  of  flow  thru  calorimeter 

Heat  transmitted 
Thermal   conductivity,  K, 

2nd     Saturation  Point 

Furnace  temperature 
Temperature  at  back  of  tile 
Difference  in  teaperature 


2.9rOP 
=     4,3«#/min, 

s  1.834  X  4.3';  x   2.9e; 
=  23.«!  Btu/sq.ft./iBin. 

s  21.6  X  4.«^9 

1113 
==   .097 


=  IcOO 
=  133 
=     1367 


Difference  in  tenperature  between  entrance  and  exit  of 


calorimeter 
Rate  of  flow  thru  oalo  limeter 

Heat  transmitted 
Thermal  conductivity,   K, 


Srd  Saturation  Point 

Furnace  Temperature 
Temperature  at  back  of  tile 
Difference  in  temperature 


=  4.6«;"P 

=  3.70#/min. 

=  1.834     x  3.70  X  4.6«? 
=  31.^  Btu/sq.ft./min. 

=  28.8   X  4. eg 

1367 
=   .IDi? 


=     1831 
=     144 
=     1687 


Difference  in  temperature     between  entrance  and  exit  of 


calorimeter 
Rate  of  flow  thru  oalorimeter 

Heat  tranaiitted 


Thermal  conductivity,  K, 


=     e.ll^F 
=     3.7^/fflin. 

=     1.834  X  3.72  X  6.11 
s     4.16  Btu/sq.ft./min. 

=     49.'^  X  4.c9 

1687 
s   .114 


^t\. 
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•J  .\.n.pB\Hia  dx.*  = 
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TIMS                                                      PYROMCTaRS                                                                REMARKS 
PDRW.     THdi',,      #1         riiklP.  #2       TH«1P,     #3       TEMP.     #4  Ta!P.  


12:00 

7.85 

120  5 

.»-.-. 

...« 

•»-i-. 

«— 

_,^  ,, 

12:1«^ 

8.35 

1265 

1.22 

670 

1.70 

360 

_— ... 

— — 

^—— •• 

•«•.•« 

12:30 

7,95 

1215 

1.60 

820 

1.55 

350 

.25 

160 

.31 

55 

Ice 

12:4? 

8.15 

1230 

1.85 

930 

2.30 

460 

.25 

160 

.32 

56 

Ice 

1:00 

8.00 

1220 

1.99 

980 

2.90 

540 

.31 

230 

.35 

59 

1:15 

8.10 

1235 

2.01 

1000 

3.25 

600 

.31 

230 

.43 

64 

Ice 

1:30 

8,30 

1255 

2.10 

1030 

3.52 

640 

.31 

230 

.46 

67 

1:4f 

8.40 

1270 

2.18 

1060 

3.80 

67«; 

.31 

2S0 

.50 

69 

Ice 

2:00 

7.90 

1208 

2.19 

1065 

3,99 

700 

.35 

240 

.55 

73 

2sl«. 

7.65 

1175 

2.U 

1040 

4.10 

718 

.75 

415 

.60 

76 

2:30 

7.90 

1208 

2..  15 

1045 

4.16 

72  5 

.89 

470 

.61 

79 

Ice 

2:45 

8.00 

1220 

2.18 

1060 

4.21 

731 

.90 

480 

,66 

81 

3:00 

8.20 

1242 

2.20 

1068 

4.85 

749 

.90 

480 

,70 

83 

3:15 

8.25 

1250 

2.20 

1068 

4.50 

772 

.90 

480 

.72 

85 

5:30 

8.30 

1255 

2.25 

1090 

4.60 

785 

1.00 

525 

,78 

89 

3:45 

7.94 

1213 

2.25 

1090 

4.70 

797 

1.05 

550 

.81 

92 

Ice 

4:00 

7.92 

1210 

2.25 

1090 

4,70 

797 

1.09 

560 

,82 

93 

4:l5 

7,96 

1216 

2.25 

1^90 

4.70 

797 

1.09 

560 

.86 

95 

Ice 

4:30 

7.99 

1218 

2.25 

1090 

4,75 

803 

1.10 

570 

.90 

97 

4:45 

7.95 

1215 

2.24 

1088 

4.74 

802 

1.10 

570 

.90 

97 

5:00 

7.99 

1218 

2.26 

10  92 

4.78 

809 

1.10 

570 

.90 

97 

5:15 

8.00 

1218 

2.28 

llOQ 

4.80 

811 

1.10 

570 

.90 

97 

5:30 

7.91 

1210 

2.21 

1080 

4.7«; 

803 

1.10 

570 

.90 

97 

Ice, 

5:45 

7,99 

1218 

2.28 

1100 

4,80 

8n 

1.10 

570 

.90 

97 

6:00 

7.92 

1210 

2.29 

UOO 

4,81 

812 

1.10 

570 

.90 

97 

6:15 

10.61 

1540 

2,69 

1260 

5.09 

850 

i.n 

580 

.71 

84 

6:30 

10,15 

1485 

2,78 

1290 

5.60 

915 

1.20 

615 

.82 

93 

6:45 

]i3/21 

1495 

2.80 

130  5 

5.79 

940 

1.25 

640 

1.00 

103 

7:00 

10.30 

1500 

2.85 

1320 

5.96 

96  5 

1.31 

670 

1.04 

108 

Ice. 

7:15 

10.30 

1500 

2.85 

1320 

6.05 

980 

1,31 

670 

1.11 

112 

7:30 

10.30 

1500 

2.82 

1310 

6.10 

985 

1.31 

670 

1.11 

112 

7:45 

10,31 

1500 

2.85 

1320 

6c  19 

994 

1.33 

675 

1.10 

111 

8:00 

10,41 

1518 

2.89 

1350 

6.25 

1002 

1.38 

690 

1.31 

125 

8:15 

10,41 

1518 

2.90 

1340 

6.31 

1010 

1.38 

690 

1.41 

132 

loe. 

8:30 

10.55 

1532 

2.91 

1345 

6.40 

1020 

1,40 

700 

1.43 

133 

8:45 

Kl,49 

1525 

2.92 

1350 

6.45 

1028 

1.40 

700 

1.46 

136 

9:00 

10.30 

1500 

2.90 

1340 

6.45 

1C28 

1.40 

700 

1.46 

136 

9:15 

10.30 

l5C0 

2.90 

1340 

6.41 

1025 

1.41 

700 

1,43 

133 

Ice. 

8:3a 

10.20 

1490 

2.90 

1340 

6.44 

1028 

1.41 

700 

1,43 

133 

9:45 

13.10 

1840 

3.30 

1490 

6,71 

1060 

1.49 

750 

i.te 

119 

10:66 

13.05 

1835 

3.40 

1525 

7.10 

1110 

1.50 

735 

1.30 

123 

1D:15 

12.68 

1785 

3.50 

1560 

7.41 

1150 

1.60 

785 

1.31 

124 

Ice. 

10:30 

12.80 

1802 

3.52 

1570 

f.61 

1175 

1.65 

800 

1.40 

131 

}Dt45 

12.90 

1812 

3.59 

1595 

7.80 

1197 

1,72 

830 

1.39 

130 

11:00 

12.91 

1815 

3.60 

1595 

7.85 

1200 

1.78 

850 

1,58 

142 

Ice. 

11:15 

13. OQ 

1825 

3.68 

1621 

8.02 

122  5 

1.88 

890 

1.59 

142 

11:30 

13,09 

1838 

3.68 

1621 

8.09 

1231 

1.88 

890 

1.60 

144 

Ice. 

11:45 

13.15 

1845 

3,70 

1630 

8.11 

1238 

1.88 

890 

1.58 

141 

12:00 

13,01 

1825 

3,70 

1630 

8.2Q 

1248 

1.90 

905 

1.60 

14ft 

Ice. 

12:15 

13.01 

1825 

3.70 

1630 

8,21 

1250 

1.91 

910 

1.60 

144 

12:30 

13.0  5 

183  5 

3,70 

1630 

8.21 

1250 

1,91 

910 

1.60 

144 

%12:45 

13.11 

1840 

3.70 

1630 

8,21 

1250 

1.91 

910 

1.60 

144 

Ice. 

#33 


T  E  S  T  NO.  4 

spaCIAl  form  op  tile  made 
to    specifications 

This  teat  vms  made  on  a  special 
form  of  tile  similar  in  make-up  to 
that  used  in  the  third  test. 


,-*»•*  farrrrii  edi  at  bew;  ied^ 


#84 

PHYSICAL  CHARACTKRISTICS  BEFORE  EXPOSURE 
AND  SETTINGS 


THE  The  form  uaed  in  this  test  vvas  made  of  four 

FORU  slabs  of  tile  mth  dimensions  as  shown  on 

Illustration  Ho,   VI.     The  slabs  were  smooth 
in  appearance  and  of  the  same  color,  texture  and  hardness.   Sach 
slab  was  separated  by  riba  at  either  end,   made  of  long  strips 
of  tile  embedded  in  cement  mortar.     When  completed  the  form 
looked  like  an  ordinary  piece  of  building  tile  with  three  air 
soaoes^ 


EXPOSED  The  exposed  surface  of  the  form  was  smooth  in 

SURFACE  appearance.     Eo  large  air  holes  were  present 

but   the  flange  was  porous  throughout.     The 
predominating  color  was  reddish  brown  but  in  one  corner  the  color 
was  a  light  yellow.     In  a  few  places   saiall  chips  had  been  broken 
off  but  the  damage  was  not  sufficient  to   cause  any  discrepancies 
in  the  results. 


UMSXPOSED  The  unexposed  surface  of  the   sauple  was  a  light 

SURFACE  yellow  in  color  over  about  one-half  of  its  area 

and  an  orange  color  over  the  other  half.     The 
flange  was  smooth  and  solid  throughout.     The  ends, 
sides,   and  faces  of  the  sample  were  square. 


THE  The  sample  was  placed  in  a  wall  of  ordinary 

SETTIHG  brick  laid  edgeways,   the  unexposed  surface  of 

the  sample  being  laid  flush  with  the  outer   edge 
of  the  wall.     The  calorimeter  was  placed  in  contact  with  the  sur- 
face of  the  sample.      The  pyrometers  were  then  inserted  and   the 
water  and  electrical  connections  made.     The  procedure  as  outlined 
in  Test  No.   1  was  then  followed.     Readings  of  Pyrometers  and 
temperatures  were  taken  every  fifteen  minutes. 


M\}S(Hm  KST^A  eOITiilHaTOAHAHO  JA0I2IH1 


TEST  #4 
bMlseellanaous  Data 


Pyrometers;-  #1  =  calibration  curve  #4  for  pyrometer  #131 
#2  =  calibration  curve  #2  for  pyrometer  #128 
#3  =  calibration  curve  #3  for  pyrometer  #130 
#4  =  calibration  curve  #6  for  pyrometer  #Seriea  5 


lat  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  a  1,26®P 

Weight  of  fiater  discharged 

=  ??.02#  in  20  minutes 
=  2.7«#/min, 


?nd  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  s  2.01*^? 

Weight  of  water  discharged 

3  61«0^  in  2«  minutes 
a  2.44#/ain. 


^rd  Saturation  Point 

Difference  in  temperature  between  entrance  and  exit  of 
calorimeter  =  2.43°P 

Weight  of  water  discharged 

3  43.7^  in  IS  minutes 
a  3.36j?/« 


.  .  ^VMJo  ao  it  til  dil  no  ■=  S\\ 

?»  i.r  ."Ties'?,  ■;:•.;' :..o-"".Xv.  "ic't  0 ;;  ©vnuo  noifaitfxXfJO  -■  *% 


TiST  HO.   4 
Calculationa 


1st  Saturation  Point 

Furnaoe  temperature  =  1230 

Temperatord  at  back  of  tile  s     80 

Difference  in  temporature  a  llfO 

Difference  in  temperature  between  entrance  and  exit  of 

calorimeter  =  1,26°P 

Rate  of  flow  thru  calorineter         «  2.7K#/fflin, 

Heat  transmitted  =  1.834  x  2.7e  x  1.26 

=  6.33  Btu/aq,ft,/min. 

Thermal  conductivity,  K,  s  6.33  x  7.«;4^ 

11«0 


s  .041«; 


2nd  Saturation  Point 


Furnace  temperature  =  1^37 

Temperature  at  back  of  tile  =       9f 

Difference  in  temperature  -  1442 

Difference  in  temperature  between  entrance  and  exit  of 

calorimeter  =  2,01  P 

Rate  of  flow  thru  calorimeter        =  2.44#/]Bin. 

Heat  transoitted  =  1.834  x  2.44  x  2.01 

=  8.96  Btu/aq.ft./ain. 

Thermal  conductivity,  £,  =  8.96  x  7.!^4!^ 

1442 


=   .0468 


5rd  Saturation  Point 


Furnace  tea5>erature  =  1872 

Temperature  at  back  of  tile  =     134 

Difference  in  teaperature  s  1738 

Difference  in  temperature   between  entrance  and  exit  of 

calorimeter  =  2.43®P 

Rate  of  flow  thru  calorimeter         =  3.36#/min. 

Heat  transmitted  =  1.834  x  3.36  x  2.43 

=  11.28 

Thermal  Conductivity,  K,  =  14.93  x  7.«;4«; 

1738 
s  .049 
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PYROUrliKS 


PORa.     TEldP.     #1       TaiP.     fr2.       TEMP.     #3     TEMP.     #4     TBiP. 


12:00 

6.35 

1012 

.20 

100 

.10 

60 

12il«; 

7.30 

1133 

.60 

380 

.30 

100 

12:30 

8.10 

1232 

.92 

c30 

.70 

18  c 

.10 

55 

.20 

45 

Ice 

12:4c 

8.09 

1230 

1.22 

670 

1.10 

260 

.20 

ISO 

.25 

46 

1:00 

7.80 

1195 

1.35 

720 

1.38 

312 

.22 

1=0 

.25 

46 

111-; 

7. 95 

1212 

1.45 

760 

1.60 

350 

,27 

170 

.27 

49 

1:30 

8.06 

1230 

1.52 

790 

1.85 

390 

.30 

1$0 

.33 

51 

Ice 

lt4F 

8,03 

12  25 

1.60 

825 

2.08 

425 

,31 

200 

,36 

c4 

2:00 

8.08 

1232 

1.67 

855 

2.27 

4c3 

.32 

210 

.38 

55 

2:15 

8.1G 

12S4 

1.70 

86c 

2.43 

480 

.3c 

220 

,43 

57 

2:30 

8.20 

1246 

1.72 

875 

2.C8 

500 

,36 

225 

.48 

60 

2:4'^ 

8.19 

124  5 

1.78 

395 

2.69 

«^lc 

.39 

240 

.■^3 

62 

3:00 

8.22 

1250 

1.80 

910 

2.81 

535 

.40 

245 

.^5 

64 

Ice 

3:11? 

8.05 

1230 

1.81 

920 

2.94 

C55 

.44 

270 

.«2 

67 

3:30 

8.05 

123C 

1,8c 

930 

3,01 

565 

.48 

285 

.65 

68 

3:4«; 

8.20 

1246 

1.89 

940 

3.10 

c78 

.50 

300 

o67 

69 

Ice 

4:00 

8.20 

1246 

1.91 

960 

3.21 

c9c 

.56 

320 

,68 

70 

4:1«? 

8.05 

1230 

1.93 

965 

3.32 

610 

,•^6 

320 

,71 

71 

4:30 

8.00 

1220 

1.95 

970 

3.3c 

612 

.60 

36c 

.73 

72 

4:4«; 

8.00 

1220 

1.93 

965 

3.40 

ftlS 

c60 

365 

.75 

74 

Ice 

'?:00 

8.00 

1220 

1.94 

968 

3.4c 

625 

,60 

365 

.80 

76 

';:1'; 

8.05 

1230 

1.98 

980 

3.«C 

633 

.65 

390 

.85 

78 

?;t30 

8.02 

1225 

l  =  9c 

970 

3. CO 

633 

.6.1 

370 

.87 

79 

«;:4«» 

8.13 

1235 

1.94 

968 

3.?5 

640 

.60 

36c 

.90 

80 

6:00 

8.05 

1250 

1.96 

972 

3,60 

645 

.63 

380 

,90 

80 

6:1«! 

8.08 

1232 

1.95 

970 

3.6c 

6c3 

.61 

370 

.90 

80 

6:30 

8.10 

1234 

1.94 

970 

3.69 

6c8 

.61 

370 

.90 

80 

6:4«; 

8.05 

1250 

1.95 

370 

5.70 

6«;9 

.51 

370 

.90 

80 

7:00 

10. "^5 

1532 

2.00 

985 

3.71 

662 

.63 

380 

.'^7 

6c 

Ice 

7:1«; 

10.40 

I5l5 

2.20 

1055 

3.89 

68'; 

.69 

400 

.71 

71 

7:30 

10.41 

15 17 

2.28 

1095 

4.04 

710 

,70 

410 

.85 

78 

7:45 

10.70 

1550 

2,32 

1115 

4.20 

731 

.71 

420 

.90 

80 

8:00 

10.78 

I'^oO 

2.40 

1140 

4,4i? 

765 

.80 

4«;5 

1.02 

86 

8:15 

10. 7«? 

1^^^ 

2.40 

1140 

4.0 

771 

.80 

455 

1.07 

89 

8:30 

1D»71 

l'^5l 

2,42 

no 

4.C6 

780 

,80 

4c5 

1.12 

91 

8:4i; 

10.80 

1«;62 

2»50 

1182 

4.71 

800 

.84 

475 

1,12 

91 

Ice 

9:00 

10.  •;5 

l';32 

2.50 

1183 

4.80 

^i^a^ 

.89 

495 

1.18 

94 

9:15 

10.55 

1-^32 

2.50 

1183 

4.80 

810 

.90 

500 

1.10 

90 

9:30 

lO.i^l 

lr30 

2.50 

1133 

4.86 

320 

,90 

500 

1.21 

95 

9:45 

10.51 

li^SO 

2,«;1 

1190 

4.90 

825 

.90 

500 

1,25 

96 

Ice 

10:00 

10.61 

1^40 

2.51 

1190 

4.^ 

825 

.90 

500 

1.22 

9c 

10il<^ 

10.71 

l':5l 

2^cl 

1190 

4,91 

825 

.90 

500 

1.20 

9«; 

K)j30 

13,00 

182"; 

2.55 

1240 

5,00 

838 

.90 

500 

1.10 

90 

Ice 

10i45 

13.21 

1850 

2.80 

1300 

C.22 

868 

.95 

c20 

1.00 

85 

11:00 

13.45 

1880 

2.90 

13  55 

5.45 

898 

.99 

"^St; 

1.25 

96 

11:15  13,65  1904  2,97  1360  c^65  922  1,00  ';45  1.55  UO 

11:30  13,25  18c.;  3.00  1370  ^,78  940  1.05  c6c  l,c2  108 

11:45  13,45  1880  3,01  1380  c.90  9c7  1.09  58Ci  1.^5  110        Ice, 

12:00  13,58  189«;  3,05  1390  6,00  971  l.]Q  •;8c  l.«;5  110 

-^   ,_  ,„   _«  ,„«_  „    ,,  ,-,_  .    ,„^  99  1    3_Q  220  1,65  114 
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CHAPTER  V. 
COKCLUSIOMS 


PRELlJilimRY  DISCUSSION 


DEFINITION  Suppose  we  have  a  slab  of  tile  of  unit 

thickneas  with  one  face  at   a  temperature  of 
T**  and  the  other  face  at  a  tenperature  of  (T-l)°,     The  quantity 
of  heat  which  passes  per  unit  of  time  through  each  unit  of 
area  of  the  tile  is  called  the  Thermal  Conductivity  of  the  tile. 
In  its  most  simple  form  the  law  can  be  expressed  |>est  as 
follows; 


H  =  ktAdg-T^) 

— E 


where 


H  =  quantity  of  heat  transm^itted 

K  =  proportionality  factor,   depending  upon  the  substance, 

and     is  called   the  coefficient  of  thermal  conductivity, 
t  =  increment  of  time  during  which  the  process  continues, 
A  =  area  of  cross-section  through  which  the  heat  passes, 
To**!^     =  temperature  difference  between  the  two  surfaces, 
L  =  thickness  of  the  material. 


APPLICATION  In  the  tests  herein  described  it  has  been  the 

aim  of  the  writer  to  devise  a  method  whereby 
they  could  measure  H,  the  quantity  of  heat  transmitted.     As  an 
accurate  and  precise  measurement  of  this  heat  was  anticipated  as 
impossible,  the  apparatus  was  developed  with  the  idea  of  eliminat- 
ing aiost  of  the  gross  efficiency  losses,  and  obtaining  results 
which  could  be  used  in  a  relative  study  of  the  various  forms, 
£ach  test  was  made  under   the  same  conditions,  and  therefore,   the 
heat  measured  was  at  least  proportional  to  the  total  heat  in  each 
test  and  the  results  obtained  can  be  said  to  be  relative.     In 
either  caa«,  whether  the  losses  are  a  constant  quantity  or 
whether  percentages  of  the  whole,   the  relativity  of  the  result* 
would  be  unchanged. 


liidPROVSffiNIS  As  stated  previously,   the  results  obtained  in 

this   thesis  are  not  absolutely  accurate,   and 
at   this  point,  a  word  might  be  said  as  to  new  ideas  which  may  be 
incorporated  in  a  new  and  better  design  of  calorimeter.     It  is 
suggested  that  the  calorimeter  be  made  smaller,  preverably 
elliptical  in  shape,  with  major  and  minor  axes  of  ten  inches  and 
seven  inches  respectively.       The  annular  ring,   if  made  vdth  its 
major  and  minor  axes  equal  to   thirteen  inches  and  ten  inches 
respectively,  will  provide  a  means  of  insulation  for  the  sides 
of  the  calorimeter  that  will  be  as  perfect,  under  the  operating 
conditions,  as  is  possible.       The  remaining  features  of  construct- 
ion can  be  made  the   same  as  those  in  the  calorioneter  used  in  this 
thesis,  and  it  is  felt  that  a  calorimeter  constructed  on  these  lines 
will  furnish  the  most  accurate  means  for  the  measurement  of  heat 
transmitted  through  various  materials. 
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GENERAL  CONCLUSIONS 


TIM&i  The   tim»-tea|>erature  curves  for  all  of  the 

TEM'ERATURS  samples  tested  show  but  a  few  individual 

characteristics  that  can  be  called  worthy  of 
mention.       It  is  to  be  noticed  that  Curve  C  of  Curve  #7  and 
Curve  C  of  Curve  #13  have  a  slope  quite  different  at  one 
point  than  any  of  the  other  curves^       This  point  is  at  the 
temperature  of  212°  Fahrenheit  •       Prom  these  curves  it  can  be 
seen  that  the  temperature  remains   constant  for  a   considerable 
period  of  time  at   this  point,  which,  in  all  probability,   is 
due  to   the  presence  of  an  appreciabls  amount  of  moisture,  which, 
until  driven  off,  would  keep  the  temperature  constant  at  this 
poiat.         The  absence  of  this  characteristic  on  the  other 
curves  can  probably  be  traced  to  the  rapid  rise  in  temperature 
^t  this  point,   this  rise  being  of  such  degree  as  to  drive  the 
moisture  from  the  sample  at  a  very  short  interval  of  time. 

The  curve  of  the  furnace  teiqjeratures  for  each  test 
shows,  in  general  but  little  variation.       Some  question  might 
arise  as  to  the  saturation  points  obtained  in  some  eases,   but 
it  can  be  stated  here  that   the  furnace  tesperatures,   in  some 
instances,  varied  considerably  and  thereby  caused  a  change  in 
temperature  throughout  the  sample.         These  changes,  particular- 
ly at  points  of  saturation,  were  carefully  noted,   and,   during 
the  period  when  it  seemed  that  the  temperatures  were  becoming 
constant,   readings  were  continually  taken  between  intervals 
in  order  to  insure  absolutely  accuracy  in  regard  to  the 
temperatures  taken  sis  saturation  temperatures*       In  general, 
however,   the  slope  of  all  the  curves  at  saturation  temperatures 
is  horizontal. 


TEST  #1  Curves  A  and  C  of  Curve  #7  give  some  idea  of  the 

value  of  confined  air  spaces  in  building  tile, 
the  temperature  difference  through  an  air  space  of  2,48  inches 
being  from  2«;0®  to  300°.     Another  peculiar  characteristic  to  be 
noted  is  the  unequal  differences  in  temperature  between,  first. 
Curve  A  and  curve  of  furnace  temperatures,  and,   second.  Curve  B 
and  Curve  2i,     This  difference  of  the  differences  varies  from 
100°  to  200°,  and  to  what  this  difference  can  be  traced  is  a 
question  that  cannot,  at  present,  be  answered. 


TEST  #3  A  fact  to  be  noted  in  regard  to  the  curves 

TEST  #4  shown  for  special  sanples  #1  and  #2  is  the 

higher  temperatures  throughout,  for  the  same 
furnace  temperatures.       This  is  due  to  the  smaller  air  spaces 
and  the  thinner  flanges,  but  no  definite  conclusion  at  this 
point  can  be  drawn  as  to  the  relative  value  of  either  of  these 
factors.       The  fact  remains  however  that  the  larger  the  air 
spaces  and  the  thicker  the  flanges  the  less  will  be  the 
tesperatures  throughout,  and,  also, the  transmission  of  beat, 
per  unit  of  area,  will  be  less. 
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Another  factor  to  be  noted  is  the  relation  between  the 
temperatvire  sho^n  in  Curves  A  and  C  on  Curve  #7  and  those  shown 
in  Curves  A  and  D  on  Curves  #13  and  #16.     It  will  be  seen  that 
Curve  A  of  Curve  #7  is  lover  then  the  corresponding  curves  on 
Curve  #13  and  #16,  and  also,   that  Curve  C  is  higher  than  those 
shown  on  Curves  #13  and  #16.     This  might  be  reasonably  explained 
by  the  presence  of  the  webs  in  the  sample  used  in  Test  #1,  for, 
as  conducting  agents  v^ich  were  better  than  the  air  between  the 
inner   and  outer  flai^es,  these  webs  would  transmit  heat  from  one 
flange  to  another  with  such  rapidity  as  to  cause  appreciable 
decrease  of  teuperature  at  one  face  and  an  appreciable  increase 
at  the  other. 


Btu,  CURVES  The  Btu. -Difference  in  tenperature  curve*  for 

the  four  tests  show  very  clearly  the  limits  of 
accuracy  of  the  calorimeter.         The  shape  of  all  the  curves  is 
practically  a  straight  line,   but  the  limits  of  accuracy  are 
about  400®  Fahrenheit  in  all  cases,   that  ia,  for  a  difference  in 
temperature  of  about  iC'O^  or  leas,   the  calorimeter  used  in 
these  tests  is  not  sensitive  enough  to  measure  the  heat  trans- 
mitted.        It  will  be  seen  therefore  that  the  amount  of  heat 
transmitted  can  only  be  compared  relatively  with  that  transmitted 
through  the  other  sample,   but,   since  the  degree  of  accuracy  ia 
approximately  the  same  in  all  caaea,   the  comparison  of  these 
relative  values  ia  correct. 


K  -  CQRV2S  The  K  -Difference  in  temperature  curves  show, 

in  all  cases  but  one,  a  slope  that  is  peculiar. 
Whether  this  is  due  to  the  presence  of  the  air  spaces  or  to 
various  other  factors,  cannot  at  this  stage  of  the  research  be 
stated.       By  observing  Curve  #9  it  will  be  seen  that  the  curve 
pasaea  through  absolute  Zero.       This  is  the  ideal  curve,  but  in 
the  other   three  tests  it  will  be  noticed  that  the  curve  has  a 
much  different  slope.       Curve  #12,   showing  R  plotted  against 
difference  in  temperature,   comes  the  closest  to  conforming  to  the 
ideal  curve,  and  it  is  probp.ble  that  with  more  refined  methods 
this  curve  TOuld  become  the  ideal  curve  for  thermal  conductivity. 
The  thermal  conductivity  of  any  material  increases  directly  in 
proportion  to  the  temperature,   and  thus  forms  a  straight  line 
passing  through  absolute  zero.         Whether  this  is  a  condition 
that  is  obtainable  when  different  conducting  agents  are  placed  in 
series  with  each  other,   as   the  air  and  tile  in  the  special  forms, 
is  a  question  that  is  at  present  not  capable  of  facing  answered. 
The  thermal  conductivity  of  air  and  tile  are  different,  and 
whether  the  combination  of  them  under  the  conditions  present  in 
these  tests  would  produce  an  ideal  curve  is  a  question  which  can 
be  answered  only  by  further  tests  on  samples  similar  to  those 
used  in  this  thesis. 
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VAIiUE  AS  As  to  value  as  fireproofing  materials, 

PIREPROOPING  a  generality  may  be  stated  wliich  will 

cover  all  the  samples  tested.     By  assuming 
a  sample  of  solid  tile  equal  in  thickness  to  each  of  the 
samples,   and  calculating,   from  the  general  heat  equation, 
the  quantity  of  heat  transmitted  through  each  of  these  solid 
samples,   it  will  be  seen  that,  in  every  case,   the  heat  trans- 
mitted through  the  solid  sanple  is  less  than  that  transmitted 
through  the  sample  to  which  it  is  equal  in  thickness.       The 
difference  between     the  amounts  of  heat  transmitted  through  the 
samples  of  solid  tile  and   the  other  samples  varies,  but  this 
amount  is  least  in  case  of  special  form  #2  used  in  Test  #4. 
By  comparing  this  test  with  that  of  special  form  #1,  it  can  be 
seen  that  the  larger  the  air  spaces,   the  greater  the  resistance 
to  the  transmission  of  heat,   and  therefore  the  more  valuable 
is  that  form  as  a  fireproofing  material.       This  is  further 
substantiated  by  referring  to    results  of  Test  #1,  although, 
in  this  case,  the  results  cannot  be  absolutely  compared,   becatise 
of  the  presence  of  webs  of  tile  in  this  form. 

It  would  seem,   therefore,   that,   disregarding  for 
the  moment  the  factors  of  expense  and   the  difficulties 
encountered  when  used  as  a  material  for  building  construction, 
tile  of  the  solid  form  is  the  best  for  use  as  a  fireproofing 
material.         The  introduction  of  air  spaces  in  the  design  of 
any  form  will  materially  decrease  the  value  of  that  form  as  a 
fireproofing  material, but,   if  air  spaces  are   to  be  introduced 
in  the  design,  it  would  seem  advisable  that  these  air  spaces 
be  made  as  large  as  practicable. 
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